Objective: To investigate interhemispheric differences on naming and fluency tasks for living versus nonliving things among patients with semantic dementia (SD).
O ne of the 3 major frontotemporal lobar degenerations (FTLD) is semantic dementia (SD). This disorder causes loss of conceptual knowledge, manifested as deficits in word comprehension, facial recognition, and category-specific knowledge. 1, 2 SD is consequent to atrophy in the anterior inferolateral temporal pole, a convergence zone that may integrate semantic information. [3] [4] [5] Although there is usually bilateral involvement, SD tends to be asymmetric at onset, with the left anterior temporal pole most significantly and consistently affected. [6] [7] [8] The neuropathology cannot be conclusively predicted during life, but most SD patients have ubiquitin-positive intraneuronal inclusions containing the TDP-43 protein. 6, 9 The defining clinical aspect of SD is an impairment in concepts or semantic knowledge. Most commonly, SD patients present with impairments in naming and in word comprehension in the presence of fluent and grammatical speech output. 10, 11 There is early loss of low-frequency nouns from left anterior temporal involvement. As the neurodegeneration progresses, there is an inability to know the meaning of the noun beyond the word and regardless of modality. 12 Early or eventual involvement of the right anterior temporal region produces prosopagnosia, or the inability to recognize familiar faces. 13, 14 With progression, both left and right-sided SD patients develop impairments of meaning or identity that go beyond naming difficulties or modality-dependent agnosia. 15, 16 Two of the most intriguing aspects of SD are the occurrence of category-specific deficits and the effects of hemispheric asymmetry. In addition to words and faces, reports indicate selective deficits in living things, fruits and vegetables, and possibly tools and other categories. [17] [18] [19] Among the most salient category-specific deficits in SD are differences in knowledge of animate versus inanimate entities. 20 Asymmetries in the involvement of the right and left anterior temporal lobes, often evident on initial neuroimaging, may correlate with person-specific impairments and general semantic impairments, respectively. [20] [21] [22] The possibility of right temporal predominance in knowledge of animate entities and left temporal predominance in knowledge of inanimate entities has implications for the theories of how knowledge is organized in the brain. 23 This study explored hemispheric differences in knowledge of animate versus inanimate entities evident early in the course of SD on routine clinical testing of naming and fluency as well as facial identification. By dividing patients with SD into left and right-anterior temporal predominant involvement on initial neuroimaging, this study was able to retrospectively analyze hemispheric differences in living versus nonliving things in a sufficient number of rarer rightpredominant patients, compared with the more common left-predominant patients.
METHODS

Subjects
All participants in this study presented for evaluation to a university specialty clinic in dementing disorders. All of these patients had the insidious onset and progression of cognitive changes, including declines in word comprehension. The patients underwent a comprehensive neurobehavioral evaluation, laboratory assessment (hemogram, chemistries, and thyroid function tests), and required magnetic resonance imaging (MRI) of the brain. They were screened for chronic mental illness, head trauma, extrapyramidal disorders, vitamin deficiency, hypothyroidism, syphilis, and other medical conditions. Finally, every subject met Clinical Consensus Criteria for SD and "imaging-supported" criteria for SD based on the initial MRI scan ( Table 1) . 1 In this manner, this study identified a total of 36 SD subjects who met these criteria. The participants for this study were part of an institutional review board approval for the retrospective use of clinically obtained information in this clinic.
Procedures
The neurobehavioral evaluation involved cognitive and behavioral assessments. In addition to the Mini-Mental State Examination, 24 the patients underwent an intake speech-language examination. This examination included letter ("F words") and category ("animals"), fluency and screening for agrammatism and phrase length, motor speech (dysarthria and apraxia of speech), repetition (single word and sentence), auditory compre-hension (single word and sentence), and reading (nonsense, irregular, and regular words). Additional cognitive tests were the verbal-learning test from the Consortium to Establish a Registry in Alzheimer's Disease, 25 delayed recall and recognition scores, and 3-dimensional constructions graded on a 4-point scale. Finally, from the history and evaluation, the investigators retrospectively determined the FTLD-modified Clinical Dementia Rating scale with supplemental items for language and behavior, comportment, and personality. 26 The total of 8 domains were incorporated into a "Sum of Boxes" score for all 8 domains. 26 As part of the language battery, the patients were administered the 15-item mini-Boston Naming Test (mBNT) with supplementary semantic and recognition questions. 25, 27 For analysis, the mBNT was divided into 10 inanimate and 5 animate items. Mythical and representative animate items (ie, unicorn, Sphinx) were classified as animate as was the single plant (ie, cactus). The animate and inanimate items were all 1 to 3 syllable words that did not significantly differ in word length. Semantic knowledge was tested by asking for both a definition and at least one defining specific characteristic of the item. 27, 28 Definitions were correct if they described a supraordinate membership, for example, "plant" for cactus," and characteristics were correct if they described a descriptive feature or trait, for example, "has needles" or "in desert" for cactus. Recognition was tested by asking the patients to pick the correct name from the 4 choices provided for the pictured mBNT items, first by reading the items, and then from the examiner's reading of the words aloud. The mBNT was scored as 15/15 for naming, 30/30 for semantic knowledge (definition and defining characteristic), and 30/30 for word recognition (written and verbal presentations).
These SD patients also had facial recognition testing consisted of 24 photographs of famous faces presented for naming or identification. The famous people were either politicians or entertainers well-known to most residents of Southern California, and presented in 2.5 Â 2.5 cm 2 portraits, complete with hair. The patients were asked to name the person, and then describe a major associated feature of the individual, for example, "movie actor," "president," or "world leader." Four faces were repeats (ie, 2 distinct pictures of Ronald Reagan). The examiner also recorded whether the patients volunteered that a face was a repeat. Prior use of the Face Identification Test yielded a normal performance of 21.36 (SD = 2.4) (originally from a range of normals and subsequently applied to 12 normals, aged 55 to 63 y, with 14 to 15 y education). 29 The MRI scans were re-read by 2 independent and experienced raters, blind to the clinical history but not to the diagnosis of SD. These MRI scans were clinically obtained, and originated from a range of scanners using different techniques. Visual reinspection allowed for comparison across these different clinical scans. The characteristic atrophy pattern in the anterior temporal lobes was independently rated by the 2 imagers. On account of the variable origin of the scans, the best views with the most atrophy were used for measurement. The blinded visual reinspections graded the scans on a 0 to 4 point scale (0 = absent, 1 = mild-to-moderate, 2 = moderateto-severe, and 3 = very severe) for the left anterior temporal and right anterior temporal regions ( Fig. 1 ). For the 2 raters, the inter-rater reliability for this reinspection was r s = 0.42 for 72 ratings (P<0.001). The combination of the rater scores determined whether the scans were right-temporal or left-temporal predominant based on a difference of 2 or more total points (sum of rater scores) between the 2 sides.
Data Analysis
Demographic and test characteristics were compared using 2-tailed t tests and w 2 analysis, as appropriate. Additional subgroup comparisons involved mBNT items matched for word frequency. Difference scores were calculated and compared for the animate-inanimate naming on the mBNT and the semantic knowledge-word recognition item differences on the mBNT.
RESULTS
There were 16 men and 20 women who met imaging-supported criteria for SD ( Table 2 ). Most SD patients had asymmetric anterior temporal involvement. On MRI analysis, there were 21 with left-sided predominance and 11 with right-sided predominance. An additional 4 were not sufficiently asymmetric for this study, and are described but not compared with the left-sided and right-sided predominant groups. There were no differences between the males and females on the MRI rating scores. There were no correlations between years of education, Mini-Mental State Examination scores, age of onset or age of presentation, and the MRI rating scores.
In comparing the right and left-sided predominant patients, there were no group differences in age, sex, duration of illness, or activities of daily living on the FTLD-modified Clinical Dementia Rating ( Table 2 ). All patients, regardless of temporal lobe asymmetry, had semantic anomia, but, on the face identification test, only 4 (19.0%) of the left-predominant patients had 3 or fewer correct facial identifications, compared with all 11 (100%) of the right-predominant patients (w 2 = 15.89, P<0.001).
The results of the naming tests also showed laterality differences. On the mBNT, the left-predominant patients were significantly more impaired in total scores and inanimate naming than the right-predominant patients ( Table 3 ). In contrast, the right-predominant patients had lower mean animate naming scores, and significantly greater animate-inanimate differences, than the left-predominant patients, consistent with disproportionate difficulty with animate naming. Similarly, the leftpredominant patients had worse letter, but not category (animal), fluency. Only 10 (47.6%) of the left-predominant patients missed all 5 of the "animate" items, compared with 8 (72.7%) of the right-predominant patients. When the single plant item (ie, cactus), was excluded, 13 (61.9%) of the left-predominant patients missed all 4 of the animal items, compared with all 11 (100%) of the right-predominant patients (w 2 = 3.74, P = 0.05). Floor effects in animate naming were unlikely to explain the smaller animate-inanimate difference scores for the left-predominant patients as their animate naming was larger than for the right-predominant patients.
This study further compared the responses with semantic knowledge for items and the word recognition portion of the mBNT (Table 3 ). Semantic knowledge was significantly better than word recognition for the leftpredominant group (t = 2.49, P<0.05), but not for the right-predominant group. Within the left-predominant group, semantic knowledge for both animate and inanimate items was significantly better than word recognition (animate: t = 4.84, P<0.001; inanimate: t = 3.20, P<0.01). Within the right-predominant group, semantic knowledge was not significantly better than word recognition for either the animate or the inanimate items.
An evaluation of word frequency of the animate compared with the inanimate words indicated much greater frequency of the inanimate items (www.americancorpus.org). Consequently, the 2 patient groups were compared on a subgroup of words matched for raw word frequencies [beaver (1654) with comb (1725); unicorn (383) with stethoscope (417); and octopus (592) with hammock (771)]. This subgroup comparison found no significant differences between left and right-predominant groups on the 3 animate words [0.43 (0.81) vs. 0.18 (0.40)], respectively; however, the inanimate word difference persisted [0.62 (0.86) vs. 1.45 (1.13), t = 2.34, P<0.05]. There were no animate-inanimate differences in the left-predominant group, but the right-predominant group had significantly worse animate compared with inanimate naming (t = 3.51, P<0.01).
Individual responses to the misnamed animal items were compiled for the right-predominant SD patients. Examples of responses to the Octopus item were: "one of those funny animals," "a bug on the beach," "a ghost" (described by 2 patients), "not a dog," and "a bunch of extra hands." Examples of responses to the Beaver item were: "some kind of animal," "something that can bite you," "a rat," "a little animal with a tail," "a giraffe," "a beetle," and "a wild thing." Examples of responses to the Unicorn item were: "a halloween horse," "a dog," "some sort of animal," and "a cat." Examples of responses to the Sphinx item were: "a person's face" (described by 2 patients), "an animal with a human person," and "a dog." Among these right-predominant patients, one mistook stuffed animals for living animal, and another, a rancher, could not tell his ranch animals apart.
DISCUSSION
These findings were supportive of interhemispheric differences in category-specific semantic knowledge in SD. The left-predominant patients had the worst overall naming and fluency, especially inanimate and letter. The left-predominant patients were impaired on both the animate and inanimate items, consistent with language specialization in the left hemisphere. In contrast, the right-predominant patients were differentially impaired on the animate items, compared with inanimate naming and animal fluency compared with letter fluency, suggesting impaired semantic knowledge for living things. Together, these findings, along with the greater number of right than left-predominant patients who misnamed animals and faces (an animal characteristic), supports a right anterior temporal role for living things, and contributes to our understanding of the organization of semantic knowledge in the brain.
The findings of this study agree with the organization of semantic knowledge by categories. Categoryspecific areas include knowledge of letters, numbers, colors, manipulable or nonmanipulable objects, fruits and vegetables, or faces and bodies of people. [30] [31] [32] [33] These category-specific areas can be differentially impaired with focal brain injury. There is evidence that these acquired impairments constitute losses in semantic stores themselves. 34, 35 There is progressive loss of the semantic features or attributes that enable discrimination between specific categories, such as size and aggressiveness of animals, 36 and semantic errors reflect partial or degraded knowledge with superordinate substitutions for subordinate knowledge (eg, animal for beaver). 37 In addition, losses in semantic categories can be impaired exclusively in modalities such as vision. [38] [39] [40] For example, in herpes simplex encephalitis, experiments show that the deficit can specifically affect the ability to retrieve the perceptual shape features of the living stimuli while knowledge of their functional properties is preserved. 19 Among category-specific deficits, evidence from brain damage particularly supports differential impairment for living objects. [41] [42] [43] Investigators have described patients with herpes simplex encephalitis and bilateral inferior temporal lobe damage who have had significantly greater difficulty in recognizing and naming animals and food items than with inanimate objects. [44] [45] [46] [47] [48] [49] Differential impairment for living things has also occurred among head-injury patients and in SD. 50 Furthermore, brain damage can specifically dissociate deficits in animate knowledge compared with inanimate knowledge. 33, 51 Do differences in hemispheric involvement correspond to differences in animate and inanimate know-ledge? 20, 22 Most, but not all, studies show that the right anterior temporal region is critical for knowledge of living things, and the left posterior middle temporal gyrus and adjacent regions are critical for tools and artifacts. 41, 44, 45, [47] [48] [49] [52] [53] [54] [55] [56] [57] [58] Brambati et al 59 have evaluated cortical gray thickness and the relationship to naming living, nonliving, and manipulable objects in neurodegenerative patients, and report that naming living things correlates with increased gray thickness in the right temporal pole. During processing of "living" minus "nonliving" items, functional MRI signal changes have occurred in the right inferior frontal (Brodmann Area 47), middle temporal (Brodmann Area 21), and fusiform gyrus (Brodmann Area 19). 56 Although other functional studies show activation for living things in the posterior visual association cortices, a pooling of positron emission tomography data shows activation for living objects in medial aspects of the anterior temporal poles bilaterally. 60 Moreover, there is a role for the right anterotemporal lobe (including the amygdala) in recognizing human faces and their emotional message, 13, 61 and right-sided lesions result in person misidentification syndromes and prosopagnosia. 19, 62, 63 Other studies, especially with temporal lobectomy patients, emphasize a left anterior temporal role in naming people and living things, although usually accompanied by a general role in naming objects. 54, [64] [65] [66] [67] [68] In summary, animal naming is impaired after both right and left temporal lesions, but probably through different mechanisms. The right anterior temporal lobe may impair animal naming through perceptual or emotional semantics required for living things but not for nonliving things, such as tools. In contrast, the left anterior temporal lobe may impair animal naming through general language semantic processes, such as conveying semantic distinctions to the lexical system. [69] [70] [71] There are several potential limitations of this study. First of all, there is the retrospective nature of the investigation, and the reliance on clinical testing. This methodology, however, allowed us to evaluate significant numbers of SD patients at the earliest asymmetric stages, when they could be characterized into left and rightpredominant patients. Second, the actual clinical items, were not originally chosen to investigate the animateinanimate distinction, were comprised of only 10 inanimate and 5 animate items, and included mythical items, such as a unicorn and Sphynx and a plant. Despite these limitations of the clinical test, significant findings emerged when the items were divided into animate and inanimate. Moreover, despite their unusual aspects, there is clearly an animate aspect to the mythical items. A separate localization for plants in the inferomesial parts of the left temporo-occipital area may justify the separate report of the patients missing only the animal items. 54 Third, the items were not controlled for object familiarity, and this can affect SD performance. 72 The separate analysis controlling for word frequency, however, continued to show that the right-predominant group was significantly worse on animate compared with inanimate naming. Finally, the MRI analysis was not quantitative because of the need to include patients evaluated on different scanners. There is valid support for an MRI visual rating scale in the evaluation of these patients. 73 In conclusion, patients with SD show interhemispheric differences in knowledge of animate-inanimate entities. Whereas left-predominant SD equally affects animate and inanimate entities, right-predominant SD, which relatively spares language, continues to impair animate entities. The current results support the concept of a right-hemisphere region for person-specific semantic information. [20] [21] [22] Further studies are needed to confirm that the right anterior temporal region makes a unique contribution to knowledge of living things.
